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uid as “2 
definition but would include muôn 3 iene creep adii other e sd ne 
behavior. However, as a first introduction to the subject of mechanics this 
definition is adequate. 


Pauling in "General Chemistry" does not define fluid but is concerned about 
gases and liquids. 'These definitions are concerned with molecular behavior 
of these two phases. 


‘ ng, 5 i : 
The diagram referred to in this problem appears as In eren of materie Mme reli 
T (Stress) > ed ng tơ > subici satisfy (he defi- 


T, 


E (Strain) 
This material does not satisfy our definition because a certain stress t, must 
be reached before there is the possibility of plastic flow. A fluid flows for any 
shear stress, however small. 


What is the dimensional representation of: 
(a) Power 

(5) Modulus of elasticity 

(c) Specific weight 

(d) Anguler velocity 

(e) Energy 

(f) Moment of a force 

(gx) Poisson's ratio 

(A) Strain 


305 meter What is the relation between 4 scale unit of 
1.4 ft TUE X^ md acceleration in USCS (pound-mass-foot-second) 
(a) = | L | E ft * 1 ft and SI (kilogram-meter-second)? 
p 


sec? sec? 
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445N) , (.305m Le o. 


Ine OY Arid 6 la 3 "- 
Gores discretos where 


ss UJ) (5 


(F) 
(v) = Y 
(1?) 


(9 „ (XC) 
“y P 


(4) = (F) 


1.10 From Newton's viscosity law we 
have: 


(dyne)(sec) 
^ 1 is sO m 
PT (cm)? 


The siae et angit drop af lid pres 
farmacias dre oped 


a en 1 lof 
r- tanner! (dyne) 4.45x10° dynes 10° (sec) 
F L^ 7: ia (en? (= 
us c 
(H) 


(H) = (1) H is dimensionless = 2.09 x 107 (#/(sec) 
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‘What are ha er parma gene pt 
; : : thee visent; of veter ot OFF ie 111 x NC 
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" U 
n 


¿(41.0 c5. «5 
mw B DO 00 © 


b) 
= 2.11x105 oss 


T ,(m)(D)(L) 


211x105 = 


RE 0 P? coa 
1.94 slugs 
k 3 
" BD?rL 
-5 lbsec 
1.94 Slugs Iblft/sec? 
~ f \ 1 slug 


1.13 a) For a parabolic profile 


2 
= 1088 x 105 42 
sec 


~ For water 


v = .010113 stokes 


b) For a linear profile: 


V, 
https "Aopen Apt Mpa t/mechanics-of-fiwias De] ion, 
iE : 


A block weighiag | kN and haviag 


1.14 Note that 1 poise = m of a viscosity unit in S.I. units. Hence 
p = 7x10 N:s[m? 
Using Newton's viscosity law: 


V. 
cop © a paot — ÉL = 1400V, Pa 
On (.005x1073) 
The force f is then 


f = tA = (1400V,)(200° = 56V; 


At the terminal condition we have Equilibrium, 
(1,000)sin20° - 56V, = 0 


V, = 611 mjsec 


1.15 The shear stress on the cylinder assuming a linear profile is: 


ft 


Sec lb 
lb sec) _ (12,000)pV xi 


"EN (98): 


12 


NE 2 
-6 in— 


The force of resistance is then 


đc The dare bree ide and pi f= [MIDES 
ud 108 = 78504 V lbf 
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20 - 78504V = 2 (a) 
g 


At the instant of interest: 


20 - 7850u(20) = = (2) 


Solving for u we get: 
20 + 4 


8) = 1353x104. Posee 
fe 


P = (785020) 


ụ = 0.020 Ib s/ft? 


plunger from the 
Ib - 5/82. What is the force required to maintain 
this motion? 


4 


We shall assume that the thickness of the film is uniform over the 
entire peripheral surface of the plunger. Furthermore, because the 
film is thin, we shall assume a linear velocity profile for the flow of oil 
in the film. To find the frictional resistance, we must compute the 
shear stress at the plunger surface. Thus we have: 

oV 20 


T= "4 = 0.020 7000-4990 


(2)(12) 


= 90 > 


„ 


The frictional force then becomes 
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Even though the fluid particles move along lines which are not straight, 


we can with reasonably good accuracy, still employ Newton’s viscosity 
law. Thus, the shear stress r on the shaft is: 


o- 9D 
2 
e 
The torque is: 


oD D 
torque = — — nD = 
k 2e " 2 


The power is then 
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We assume at any point that the velocity profile of the oil is linear. 


In some electric measuring devices, the motion of 
the pointer mechanism i$ dampened by having a 
circular disc tum (with the pointer) in a con- 
tainer of oil. In this way, extraneous rotations are 

out. What is the damping torque for 
se = 02 rad/s if the oil has a viscosity of 8 x 107? 


N:s/m?? Neglect effects on the omre edge of 
the rotating plate. 


The slope of the profile is then: 


aV reo . (2r 
ón 5mm 


++ = (400r)(u) = 8x10"*(400r) 
= 3.2r 


The force df on dA on the upper face of the disc is then: 
df = xdA = (3.2r)(rd6dr) 


= 3.2r?d0dr 


The torque for dA on upper face is then: 
aT = 3.2r'dodr 


The total resisting torque on both faces is: 

015/2 2x 

T=2| f f 3.2r%d0dr 
0 0 

^ 0.75/2 

= 64 và Qn) = 1.988x10 5 N-m 
0 
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For the apparatus in Prob. 1.18, develop an ex- 


d lol ps com | | | | c ick he i 3: 


k 


sn j| 


i bran ff 
0 


o | (.5-x)(10™) 0 


osy (23) 
AS E A PB og) V. 


Qn) 
($3095) * : 4 (5+x)(10?) 4 


cảm ur(rd8dr) 
(.5+x)(10) 


5-x 10? 


075 4 
Js je (8x107) (a2 E l [ere 1d ders ino 
5 Sex 


-6 
_ 497x105 y 


x d (x in mm) 
25-x 
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http:⁄gesolucionarios.blogspot.com A conical body în made în roime M 4 sonnaat 
d Mes rua ov My 
at 
lorque m required to maintain the mouơn? 
AAA MM A GY ⁄ cone has a Din radius at the base and js 4 in tall. 
7f Use the straight-line-profile assumption and 
y ` Newton's viscosity law, 
1) 


0.01-in film 


Consider conical surface first. Area of the strip shown is: 


dz 


dA = (2nr)(ds) = (2nr) 1 


The stress on this element is: 


10) = 
V EA = woos) = 500 uz 
01 


UE S 01 


with z ininches. The torque on the strip is 


aT = +(dA)r = eo 20" 2 B = 878 pzidz 


The total torque is: 
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4 
4 
T, = f 878 uz?de = 878 = p = 56,198 
0 


Subst. for p to get in-lb. 
-5 
T, = | 33x10" (56198) = 01756 in-Ib 
144 

Next consider the base. The friction force is: 

df - KH“ = 1,000 pr? dð dr 
Torque for df: 

dT = 1,000ur340 dr 


Total torque T, 


22x 
T, = f f(1,000X(w)r*d8 dr 
00 


-5 4 
T, amota) zan = 00785 inb 
144 Ja 


The total torque is then: 
T„„„ = 01756 + .00785 = .0254 in-lb 
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nds A sphere of radius R rotates at constant speed of 


Velocity V of spherical surface is 
V= Rcoœs ow 


Stress from Newton’s viscosity law: 


Torque increment on strip Rd 
dT = (t)(2n R cos )(R d$)(R cos >) 


circumference width moment 
of strip of strip of arm 


dT = £ (R cos é œ)(2x R cos $)(R đệ)(R cos $) = == cost độ 


2 


= x 
[ cost do = = sin (coste ê À a 
E 2 
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. Hữu: Express dV/di as V(4V,/dx) in Poison dart 


= aV T V a 
The shear force is: = u—(A) = (3x10?) man] (1,500)(10 9) = .0045 VN 
e shea i =u = ) = ( Lm 


"Dị W. dv 
Newton's Law: —— + Y = 5 —Y == 
P 4 g dx 

(n)(.030)? _ 5 - 0045V = 3 Var 

(5,000) 4 p. 9.81 dx 


5 VdV 


„534 - .5 - .0045V = —— —— 
395 9.81 dx 
VdV 
674 - Y = 11.33 — 
dx 
À VdV 
les: dx = 11.33) ——— 
Separate variables ( FITE 5) 


Integrating: 


x = 11.33[(674-V) - 674(1n674-V)] + C 


When x=0 , V=0. Hence 0 = 11.33[674 - 674 In 674] + C 
C = 42,101 


+ x = 11.33[(674-V) - 6741n(674-V)] + 42.101x10? 


Set x = 2m . Solve by trial and error. V = 16.55 m/sec 


| V = 16.55 m/sec 


ASES 
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If specific volume v is given in units of volume 
:per unit mass, and density p le given in terms of 


What are the dimensions of Ñ, the gas constant, 
in Eq.(1.89) Using for sir the value 53.3 for R 


air at a pressure of 50 fb/in? absolute and a 
temperature of 100°F. 


R =P 
T 


2c 


OU em 


| - 53,3 Pf 
for air R = 53.3 tho R 
a RT GIDC 
P (50)(144) 


A 
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1 jm 
2h1) T, 


T, = ¿je = 373°R 


126 Initially we can say from the equation of state: Pv, = RT, 


3 
(200)(1,000)(v,) = (287)(303) v, = .435 d 


If the volume V, is 80L , then the mass of the gas is: V, = (80)(.001)m? 


- (8000) _ 1839 
ii 435 j kg 


At the final stage, P: = RT, 


40x10?| _ 
05.29) 40 T |- (287)(T,) 


F—————————— 

| T, = 385°K = 1122°C | 

y l Suppose that the volume of sir initially ia 
za 


https://gioumeh.com/product /mechanics-of-flumebe o SUI su Ata Gui of bat 
on going down a long hill, the volume decreases 


there în a loss of air due to a leak of 0.003 kg? 


px i 


For Prob. 1.26 suppose that the initial volume of 
akt în the tank is 80 L at a pressure of 120 kPa a 


t- cuts in to -3 
da pena tai the whan azoo 89.183] -(87(293) ^ M = 1142 kg 
and density of the air? 


At final state: 


as pV = AMRT, where n is the number of moles. 


= (53.3)(560) 


V 
2)(14.7)(144 
UAN | n^ 


V = 408.9 ft? 


From Eq. (1) 
pV = nMRT 


1.29 


2 


Im 
'ou may recall from chemistry com = 00; 2 ¡KK 
fe R fora M e EN R, 49,7 ft (5/9) K 
da ian sală R) 


Show that for SI units, we get, R, - 810 
m1/Q2XK). What în the gas constant R for be- 
Wem in SÍ units? 


= 8,310 


2 


8,310 8,310 2,07 m 
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px 


There are two surfaces exerting surface forces on the wire. Hence for force 
is: F 
F = 2[@xr)(ø)] = (2x)(.200)(.0730)(2) = 0.1835 N 


= 


F = 2[2nr]o 


1.31 Because the plates are clean, the angle of contact between the water and the glass 
is taken as zero. Consider the free body diagram of a unit width of the raised water away 
from the ends. 


As Summing forces in the vertical direction we have 


2[(0)0)] - (LACHY) = 0 


jpj Paim 


2(.0730) - (.001)(4)(9806) = 0 


l 
l 
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= (0.514)(1)(.045)(.643) + (0.514)(1)(.035)(.643) 
F = .0831 N 


A glass tube is inserted in mercury, What is the 
upward force on the glass as a result of surface 
effects? Note that the contact angle is $0” inside 
and outside, Temperature is 20°C. 


1.33 


Free 
surface 


prumesse = AEN 
. specific 
tee incite ph SY Mercury T T v 
: 6 


Consider as a free body the meniscus of the mercury. Neglect the weight of this free 
body. We have for equilibrium: 


-(0)(nD)(cos®) + p ES E 0 


(514)(œ)(001)cos40° + (13.6)(9806)(d) -17 0 ds 


Actual d must be larger because we neglected weight at meniscus. 


1.34 At the top of the water surface 
Ap = 2,943.7 - (9,806)(.300) = 1.900 Pa gauge 


A narrow tank with one end open is filled with 


measures a gage pres- Going to Eq. (1.11), we have 
the radius of curvature 
of the water surface at the top of the su 
away from the ends? Take o = 0.0731 N/m. 


1 o 
SY ip cd Ap = 1.900 = es te 
p | xí 


R, 


me, 


(.0730) RE 38.42 mm 
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To find Ap to be used in Eq. (1.10) we have: 
700 mm Ap = 3970.80 - (9803)(.402) = 30 Pa 


dy. 411 m^! 
dr? 


Central vertical 


cut 
E o + 2 (005) + si]: 
dx?\ 2 


=0+0+ anf B 


the top of the open end. If the pressure mes- 
sured by the gage is 3970.80 Pa gage, what is the 
curvature of the water af the top? Using the 
Taylor series, estimate the height h of the water 
above the edge of the cylinders. Assume that the 
highest point of the water is at the midradius of 
the cylinders. 
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Given the velocity field 


Mayet) = (607 +) = [()(10)(1) +5} + [(3)(2)+101/ + 20K 
+(3z + 10)) + 20k m/s 
ty emil hor cree = 65 + 16/ + 20K m/sec 


m, and r= 2 m when ($3 47 What is the 
magnitude of this velocity? 


|| = y652+162+20? = 69.86 m/sec 


Pe [If Saws] T Hos 


324 


- f f f (16xi+10/)(x?+2z)dxdydz 


000 


A body-force distribution is given as 


4 

/ (16x3/+32xzi + 10x?f -202/)dxdydz B= lex + 10) N/A 
per unit mass of the material acted on. If the 

0 density of the material is given as 


pozi+2z kg/m 


22 16x* 32x? 10x? what is the resultant body force on material in 
a f 4 z Fă IZ, 20x dydz the region shown in the diagram? 
M 4 2 3 


32 
. f Í (1024+256z)i+(213.3+80z)/dydz 
00 


3 
= f I0242)+(56)œ)(2)]-[(213.3/2)+(80z)(2)J/d 
0 


3 
» Í [(2048+512z)+(426.6+160z)/]d: 
0 


512 
2 


^ 


(32)]6+(426.6(3) + = 34 


= [(2048)(3) + 


htip://ingesolucionarios.blogspot.com o pond AP thun, bon > 


T = (6y + 3) + (347 + y) + (5407) 15/17 


What is the total force on the 3 x 3 square of 
area shown in the diagram. 


On flat surface we have: 


3 
F = ff I6y+3)f+@Gx°+y)j+(5+x?)jÑaxdy 


0 


1 3 
= MUNDO + m + ray , bo 8 ] Đœ 
0 


3 
^ f {[18y+9]Ê~[27+3ylý + [24]É}đy 
0 


ls e " o») i leno + Oe" ) DE, MÀ 


———— M ml 
F = 108i + 94.57 + 72k lb 


a) T = 2,000 + 500j + 1,000k 


The stresses on face A of an infinitesimal rect- 
angular parallelepiped of fluid in a flow are 
shown „at time 1. What is the trac- 
tien vector for this face at the instant shown? 
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ary. 


In a static fluid there can be no shear stress and so there is only normal stress on the 
area element. This can only result in a force normal to the area element. 


y 
Label" | Fig. using the con- 
vention set forth i 


¿Ca rt LA 


We are given the following stress field in mega- 
Ra 1 
Ta "161 +10 fuaa —(16x + 10 de 10y? + 6xy + 0) 
To = 10y? + 6xy 3 


«Sgt 
7, m =Šx 


Express the bulk stress distribution as a scalar (5.33x * 3,33y? + 2xy "m 3.33) M Pa 


field. What is the bulk stress at (0, 10, 2) m? 


At (0,102) we have: 


o = 333 + 3.33 = EMA 
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At (0,3,2) and t=0 


In a viscous flow. the stress tensor at a point is 


‘download compl 
2 


= (-4,000 + 2,000 = 5,000) 


What ls the thermodynamic pressure at this 
point? 


-2,333 psi 


A vector field may be formed by taking the 
gradient of a scalar field. If à = xy + 167 + 
y=’, what is the ficld grad 4? What is the magni- 
tude of the vector grad é ai position (0.3.2) 
when ¡ = 0? 


= xy + 160 + yz 


Vb = yf + (ez + 3y22k 


Vệ = 3Í + 8f + 36k 


[Vo] = V37+8?+36 = 37.0 


= xy + (x+z?) + 10 


At (10,34) 


(y+1)i + xf + 2% kNjm? 


-Vp = (+ Di - xj - 22k kN/m? 


f = -4Í - 10 - 8k kN[m? 


é = .95Í + .32j m 


« fé + (-4)(.95) - (10)(.32) + 0 


TT" 
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dF, = [prao - p + P dr raro de 


+ pdrdz sin > + p + an dre sin E 


= pdrdode'- Y drrdode - 2P drdrdode 
or or 


op de 
+ pdrdzd® + rdz 2 


Drop second-order terms and cancel where possible. 


dF, = - 2 rdodrd: » -Pdv 


de 
dF, = pdrdz cos — - 
" 2 P+ 36 


= prd@dr - op 
D. 


=- e rdôdrdz 


d = -Pdo 8, - Bdo è, - Pave 
or roo az ° 


https: P n onen- ptor ron cs E LỆ jac sai đa, 


prx mười com 
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